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Summary
Background:  The  aim  of  this  study  was  to  determine  the  prevalence  and  characteris-
tics  of  Staphylococcus  aureus  isolates  from  the  patients,  staff,  air  and  environments
of  an  ICU  in  a hospital  in  Tehran.
Materials  and  methods:  During  this  study,  37  S.  aureus  isolates  were  collected  and
analyzed  via  the  spa  typing  method.
Results:  Of  the  37  S.  aureus  isolates,  35  (94%)  were  methicillin  resistant  (MRSA),
28  (76%)  were  identiﬁed  as  SCCmec  types  III  or  IIIA,  four  (10%)  were  identiﬁed  as
SCCmec  types  I  or  IA  and  three  (8%)  were  identiﬁed  a  SCCmec type  IV.  All  of  the
MRSA  isolates  were  resistant  to  oxacillin  and  contained  mecA.  The  isolates  were  all
spa  typed  and  found  to  comprise  11  spa  types,  including  t7688,  t7689,  and  t7789,
which  have  not  previously  been  reported.  The  spa  type  t7688  was  isolated  from  the
hands  of  two  ICU  personnel.  The  spa  type  t7689  was  observed  among  ﬁve  isolates
from  the  air  and  the  environment.  The  spa  type  t7789  was  observed  among  three
isolates  from  the  patients,  ventilators  and  the  air.  The  majority  of  the  isolates  (43%)
belonged  to  spa  types  t030  and  t037.
Conclusion:  Our  results  revealed  that  MRSA  strains  that  were  isolated  from  the  air,
the  environment  of  the  ICU  and  the  patients  who  were  colonized  or  infected  with
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e  same  spa  and  SCCmec types.  These  results  also  reveal  that
tients  and  environment  were  usually  indistinguishable.
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species level  as  S.  aureus  using  standard  bio-
chemical methods.  The  antibiotic  susceptibilities
were tested  with  the  disk  diffusion  procedureolecular  investigation  of  S. aureus  isolated  from  a
MRSA  often  exhibited  th
the  isolates  from  the  pa
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taphylococcus  aureus  is  a  commensal  organism
hat causes  both  endemic  and  epidemic  hospital-
cquired infections,  such  as  skin  infections,
loodstream  infections,  endocarditis,  pneumonia
nd osteomyelitis  [1,2]. The  problem  of  hospital-
cquired S.  aureus  infections  is further  complicated
y the  increasing  prevalence  of  methicillin-
esistant  S.  aureus  (MRSA)  isolates  that  are  resistant
o all  currently  available  beta-lactam  antimicrobial
gents [3—5].  S.  aureus  is thought  to  be  transmit-
ed predominantly  via  direct  physical  contact,  such
s via  contaminated  hands  or  droplet  transmission,
ndirectly through  the  inanimate  environment,  and,
ess efﬁciently,  through  the  air  in  hospitals  [4,6].
olecular typing  is  an  established  tool  for  the
etermination of  the  relatedness  of bacterial  iso-
ates and  their  modes  of  transmission.  The  available
nformation  regarding  the  molecular  characteristics
nables the  successful  implementation  of  preven-
ive strategies  [5,6].  A  variety  of  molecular  typing
ethods,  including  pulsed-ﬁeld  gel  electrophoresis
PFGE), staphylococcal  cassette  chromosome  mec
SCCmec),  protein  A  gene  (spa)  typing  and  multi-
ocus  sequence  typing  (MLST),  have  been  developed
o track  the  spread  of  S.  aureus  infections.  PFGE
s highly  discriminatory  but  poorly  reproducible
n laboratories,  whereas  the  MLST  and  spa  typing
equencing  techniques  are  reproducible  but  lack
iscriminatory  ability  [6].  Spa  typing  has  better  dis-
riminatory  abilities  and  is  cheaper  than  MLST  and
as been  successfully  used  in  epidemiological  stud-
es [6].  The  prevalence  of  hospital-acquired  MRSA
HA-MRSA)  infections  among  inpatients  in  intensive
are units  (ICUs)  continues  to  increase  steadily  in
ran [2].  Based  on  a  literature  review,  relatively
ew data  exist  on  the  molecular  epidemiology  of
. aureus  strains  in  ICUs.  In  the  present  study,  the
ccurrence  and  characteristics  of  S.  aureus  isolates
rom  different  source  in  ICUs  were  investigated.
aterials and methodsatients
ll  of  the  ICU  patients  who  were  examined  from
 February  2010  to  9 August  2010  in  a  tertiary
a
S
towntown  teaching  hospital  in  Tehran  who  were
ound  to  have  S.  aureus  infections  were  included.
The studied  ICU  is  an  18-bed  unit  that  admits
pproximately  400  patients  per  year  for  a  mean  stay
uration of 10  days.  Only  one  isolate  per  patient
as included.
ealthcare workers
he  ICU  personnel  were  selected  for  this  study.
ome of  the  samples  were  taken  from  the  anterior
ares of  the  healthcare  workers  using  sterile  cotton
wabs that  were  moistened  with  sterile  phosphate-
uffered  saline.  The  swabs  were  inoculated  on
annitol  salt  agar  and  incubated  at  37 ◦C  for  48  h.
he other  samples  were  taken  from  the  hands  of
he healthcare  workers  via  the  stamp  method  with
annitol  salt  agar  plates.
ir sampling
 single-stage  Andersen  air  sampler  (Quick  time
0) was  used  to  collect  air  samples  at  a rate
f 28.3  L/min  for  10  min/d.  The  samples  were
ollected on  both  trypticase  soy  agar  (TSA)  and
annitol  salt  agar  (MSA).  Air  sampling  was  per-
ormed  out  weekly  for  6  months  in  the  morning.
he samples  were  then  cultured  and  incubated  at
7 ◦C  for  48  h.
nvironments
he  stamp  method  was  chosen  to  acquire  samples
rom  smooth  surfaces.  In  this  method,  mannitol
alt agar  stamps  are  rotated  several  times  on  dif-
erent surfaces  in  the  environment.  Samples  from
orous  surfaces  were  taken  using  sterile  cotton
wabs moistened  with  sterile  phosphate-buffered
aline. Agar  plates  were  incubated  at  37 ◦C  for  48  h.
. aureus isolates
he  Staphylococcus  isolates  were  identiﬁed  to  thes recommended  by  the  Clinical  and  Laboratory
tandards Institute  (CLSI)  [7].  The  disks  contained
he following  antibiotics  (Mast,  UK):  clindamycin
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Table  1  Characterization  of  the  Staphylococcus  aureus  isolates  from  different  sources  in  the  ICU.
Isolate  Source  Resistance  pattern  mecA  SCCmec  Spa  type
I1-1  Air  E* −  —  t030
I1-2  Patient  OX  +  III  t325
I1-3  Patient E,  OX + III  t7789
I1-4  Air  E,  OX + III  t7789
I1-5  Ventilator  E,  OX  +  III  t7789
I1-6  Table  E,  GM,  OX  +  III  t7689
I1-8  Table  E,  GM,  OX  +  III  t7689
I1-11  Monitor  CD,  E,  GM,  OX  +  III  t030
I1-12  Ventilator  CD,  E,  GM,  OX  +  III  t030
I1-18  Table  E,  GM,  OX  +  III  t7689
I1-23  Staff  Nasal  —  −  —  t3096
I1-26  Staff  Hand  OX  +  I  t044
I1-27  Staff  Nasal  OX  +  IA  t044
I1-31  Staff  Hand  CD,  E,  OX  +  IIIA  t030
I1-44  Staff  Hand  T  +  IV  t7688
I1-45  Staff  Hand  OX  +  IV  t7688
I1-48  Rest  home OX,  T  +  IV  t044
I1-49  Electrocardiograph  E,  GM,  T  +  IA  t044
I3-1  Blanket  CD,  E,  GM,  OX,  RP,  T  +  III  t7689
I3-4  Patient CD,  E,  GM,  OX,  RP,  T +  III  t030
I3-6  Ventilator CD,  E,  GM,  OX,  RP,  T  +  III  t037
I3-9  Patient CD,  E,  GM,  OX,  RP,  T +  III  t030
I3-11  Bed  CD,  E,  GM,  OX,  RP,  T +  III  t037
I3-12  Patient E,  GM,  OX,  T +  III  t037
I3-22  Infusion  Pump CD,  E,  GM,  OX +  III  t037
I3-23  Bed  CD,  E,  GM,  OX,  RP + III  t7685
I3-27  Staff  Nasal  OX  +  I  t325
I3-28  Staff  Hand  OX  +  III  t297
I3-32  Staff  Nasal  CD,  E,  OX  +  III  t030
I1-39  Table  OX  +  IIIA  t030
I3-40  Patient  E,  GM,  OX,  RP,  T  +  III  t030
I3-41  Patient  E,  GM,  OX,  RP,  T  +  III  t030
I3-42  Patient  E,  GM,  OX,  T  +  III  t037
I1-50  Air  OX  +  III  t7689
I1-51  Refrigerator  OX  +  III  t7689
I3-56  Infusion  Pump  OX  +  IIIA  t325
I3-61  Table  CD,  E,  OX,  RP  +  III  t030
* CD, clindamycin; E, erythromycin; GM, gentamicin; OX, oxacillin; RP, rifampicin; T, tetracycline.
t
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[
S
S
e
ﬁ(2  g),  erythromycin  (15  g),  gentamicin  (10  g),
oxacillin  (1  g),  rifampicin  (5  mg),  teicoplanin
(30 g),  tigecycline  (15  g),  tetracycline  (30  g)
and vancomycin  (30  g).  The  isolates  identiﬁed  as
MRSA were  studied  further.
Ampliﬁcation of the mecA gene and SCCmec
typing
The  gene  encoding  methicillin  resistance  (mecA)
was targeted  by  PCR  using  speciﬁc  primers  (mecA-
1, 5′-TGG  CTA  TCG  TGT  CAC  AAT  CG-3′;  mecA-2,
5′-CTGGAACTT  GTTGAGCAG  AG-3′)  [8].  The  primers
used to  detect  the  SCCmec  types  and  their  variants,
w
T
a
ihe  PCR  conditions  and  the  sizes  of  ampliﬁed  prod-
cts were  as  described  by  Oliveira  and  de  Lencastre
9].
pa typing
pa  typing  was  performed  as  described  by  Harmsen
t al.  [10]. The  spa  gene  X region  was  ampli-
ed, and  the  sequences  of  both  amplicon  strands
ere determined  by  Macrogen  (Seoul,  South  Korea).
he isolates  were  assigned  to  particular  spa  types
ccording  to  the  guidelines  described  by  a spa  typ-
ng website  (http://www.spaserver.ridom.de).
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Rolecular  investigation  of  S. aureus  isolated  from  a
esults
uring  the  study  period,  218  patients  were  ana-
yzed,  and  eight  patients  were  found  to  have  S.
ureus infections.  From  42  air  samples,  196  bac-
erial colonies  were  recovered,  and  three  isolates
ere found  to  be  S.  aureus.  Of  the  268  environmen-
al samples,  446  bacterial  colonies  were  recovered,
nd 17  colonies  were  identiﬁed  as  S.  aureus.  Nine
. aureus  strains  were  isolated  from  the  27  ICU  per-
onnel sampled.
The molecular  characteristics  and  antimicrobial
usceptibilities  of  the  isolates  are  presented  in
able  1.  Of  the  37  S.  aureus  isolates,  35  (94%)
ere methicillin-resistant  (MRSA),  28  (76%)  were
dentiﬁed  as  SCCmec  types  III  or  IIIA,  four  (10%)
ere identiﬁed  as  SCCmec  types  I or  IA  and  three
8%) were  identiﬁed  as  SCCmec  type  IV.  All  of  the
RSA isolates  were  resistant  to  oxacillin  and  con-
ained  mecA.  The  isolates  were  all  spa  typed,  and
he results  revealed  11  spa  types,  including  t7688,
7689,  and  t7789,  which  have  not  previously  been
eported.  The  majority  (43%)  of  the  isolates  were
pa types  t030  and  t037.  The  spa  type  t7688  was  iso-
ated from  the  hands  of  two  ICU  personnel.  The  spa
ype t7689  was  observed  among  ﬁve  isolates  from
he environment  and  air.  The  spa  type  t7789  was
bserved  among  three  isolates  from  the  patients,
entilators and  air.
iscussion
osocomial  S.  aureus  infections,  particularly  with
RSA strains,  are  a  major  concern  in  Iran  [8]. ICU
ersonnel  and  the  ICU  environment  are  often  sus-
ected  to  be  responsible  for  the  spread  of  MRSA
solates [11,12]. In  this  study,  S.  aureus  strains  that
ere isolated  from  different  ICU  sources  in  a  down-
own hospital  in  Tehran  were  analyzed.
The rate  of  methicillin  resistance  among  the  S.
ureus isolates  was  found  to  be  94%,  and  this  ﬁnding
grees  with  those  of  other  reports  that  have  sug-
ested  high  prevalences  of  MRSA  in  ICUs  [13,14].
f the  37  MRSA  isolates  tested,  76%  were  SCCmec
ype  III  or  subtype  IIIA,  and  19%  were  SCCmec
ypes I,  IA  or  IV.  These  results  are  similar  to  ﬁnd-
ngs that  have  been  reported  for  the  majority  of
sian countries  [15,16].  SCCmec  type  III  MRSA  iso-
ates carry  the  mecA  gene,  are  multi-drug  resistant
nd contain  resistance  genes  against  several  non-
-lactam  antibiotic  classes,  such  as  macrolides  and
etracyclines.
According  to  a  literature  review,  the  most  proba-
le mode  of  S.  aureus  transmission  within  hospitalsU  205
s  the  transient  colonization  of  the  hands  of  hos-
ital personnel  who  have  acquired  the  organism
ia direct  contact  with  patients  or  following  the
andling  of contaminated  materials.  The  person-
el might  have  also  acquired  the  organism  though
ioaerosols  because  S.  aureus  can  contaminate
he air  and  cause  airborne  infectious  diseases
4,17—21].
In the  current  study,  the  majority  of  the  S.  aureus
trains (43%)  belonged  to  spa  types  t030  and  t037
nd were  isolated  from  the  patients,  the  hands
nd nasal  cavities  the  of  ICU  staff,  the  air  and  the
nvironment.  A  new  spa  type  (t7789)  was  also  iso-
ated from  the  patients,  the  air,  the  ventilators  and
ome table  surfaces.  These  ﬁndings  suggest  that
RSA recirculates  between  these  sources;  thus,  it
s important  to  protect  patients  against  the  cross-
nfectious  agents  that  can  exist  in  aerosols.
In conclusion,  our  results  revealed  that  MRSA
trains that  are  isolated  from  the  air  and  the  envi-
onment  of  ICUs  and  those  isolated  from  patients
ho are  colonized  or  infected  with  MRSA  are  typi-
ally of the  same  spa  and  SCCmec  types.  The  results
lso show  that  isolates  from  patients  and  the  envi-
onment  are  typically  indistinguishable.
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